Effects of ryanodine on intracellular Ca2+ transients in mammalian cardiac muscle.
We observed the effects of ryanodine on the aequorin luminescence, membrane potential, and contraction of canine cardiac Purkinje fibers and ferret ventricular muscle. In canine Purkinje fibers, ryanodine (10 nM to 1 microM) abolished the spontaneous spatiotemporal fluctuations in [Ca2+] that occur as a result of Ca2+-induced Ca2+ release from the sarcoplasmic reticulum (SR) during exposure to low-Na+ solutions. Ryanodine strongly reduced the twitch and both components of the intracellular aequorin luminescence signal (L1 and L2), which normally accompanies contraction. The small luminescence signals that remained in ryanodine could be abolished by a Ca2+ channel blocker (nitrendipine, 10 microM). The plateau phase of the action potential was reduced by nitrendipine in the presence of ryanodine, which suggests that Ca2+ current was not blocked by ryanodine. In ferret ventricular tissue, ryanodine (1 microM) prolonged the action potential and reduced the peak amplitudes of both the aequorin transient and the twitch, while greatly prolonging the time-to-peak of both signals. Increases in extracellular [Ca2+] restored the peak amplitudes of the twitch and the aequorin luminescence, but did not restore the normal time-to-peak. The results show that in both tissues, the negative inotropic effect of ryanodine is due to the reduction of the intracellular [Ca2+] transient. Inasmuch as neither Ca2+ entry via surface membrane Ca2+ channels nor Na+-Ca2+ exchange appears to be blocked by ryanodine, the most probable cause of reduction of the [Ca2+] transient is an inhibition of Ca2+ release by the SR.